BACKGROUND
Primary percutaneous coronary intervention (PCI) is the treatment of choice for patients with ST-segment elevation myocardial infarction (STEMI), when performed by experienced operators in a timely fashion, as demonstrated in randomised trials and recommended by international guidelines. 1 2 However, primary PCI trials have generally recruited selected patients and may have excluded those with high-risk features such as advanced age, cardiogenic shock, high bleeding risk, recent cerebrovascular event or ventilated patients. There is little contemporary data on long-term prognosis and cause of death in consecutive real-world patients with STEMI.
There is evidence to suggest that mortality rates for patients with STEMI have declined in recent years. 3 4 This may be related to advances in pharmacotherapy, greater accessibility of primary PCI and development of international clinical guidelines for management of STEMI. Nevertheless, STEMI remains a common and challenging clinical condition with a high risk of mortality. Each year, there are about 258 000 STEMI presentations to emergency department (ED) in the USA, with incidence rate of 7.3 per 10 000. 5 Our aim was to study the timing and causes of death in a contemporary cohort of consecutive patients with STEMI treated with primary PCI. This information would be important to develop new strategies and
KEY QUESTIONS
What is already known about this subject?
▸ Mortality rates have decreased after ST-segment elevation myocardial infarction (STEMI) in the last decade, in line with increased use of primary percutaneous coronary intervention (PCI) and evidencebased medications.
What does this study add?
▸ Mortality rate was 4.3% at 30 days and 7.3% at 1 year in a contemporary cohort of patients with STEMI treated with primary PCI. Majority of deaths were cardiovascular before 1 year and non-cardiovascular after 1 year.
How might this impact on clinical practice?
▸ Knowing that the majority of deaths in the first year are cardiovascular can inform the development of effective preventative strategies to further improve outcomes after STEMI.
secondary prevention programmes to reduce early mortality and improve long-term prognosis in this group. 6 7 
METHODS

Study setting
We analysed the primary PCI registry at The Canberra Hospital, a tertiary referral centre in the Australian Capital Territory (ACT), offering a 24/7 primary PCI service. In addition to our ED, there are two referring EDs 15 km away with a travel time of 20-30 min. The catheterisation laboratory was activated by ED physicians for patients with STEMI within 12 h of symptoms who presented directly to the ED, or who had an ECG performed in the field by ambulance paramedics. A system of catheterisation laboratory activation has been in place since 2000 for patients with STEMI who presented to EDs in our region. In 2009, regional ambulances were equipped with 12-lead ECG machines and transmission systems, and paramedics were trained and assessed in 12-lead ECG interpretation.
All patients with STEMI received aspirin 300 mg, plus either clopidogrel 600 mg or prasugrel 60 mg (if <75 years, >60 kg in weight with no history of transient ischaemic attack/cerebrovascular events), and unfractionated heparin 5000 U intravenously prior to arrival at the catheterisation laboratory. Pretreatment with prasugrel became available in 2011. PCI procedures were performed by six operators through femoral or radial access. Treatment with further doses of heparin, glycoprotein IIb/IIIa inhibitors and the use of intra-aortic balloon pump and aspiration devices were at the discretion of the operator.
The majority of patients included in this study had transthoracic echocardiography (TTE) performed either before or soon after discharge. Left ventricular ejection fraction (LVEF) was calculated using the quantitative two-dimensional (biplane Simpson's) method. Glomerular filtration rate (GFR) was estimated for all patients before the procedure using the CKD-EPI formula. 8 Demographics and procedural data for consecutive patients with STEMI treated with primary PCI were prospectively entered into the registry. The study was approved by the ACT Health Research Ethics Committee, and consent for data collection and follow-up was obtained for all patients. There were no exclusion criteria. Patients who died after the start of the procedure were entered into the registry and included in the analysis, but patients who died before the start of the procedure were not included. Follow-up data were routinely collected in hospital and at 12 months by letter, phone call, clinic review or review of files.
Data linkage with National Death Index
In order to confirm the cause and time of death, we also obtained approval to access the Australian Institute of Health and Welfare National Death Index. The National Death Index utilises the 10th version of the International Statistical Classification of Disease and Related Health Problems to standardise the cause of death. The patient's name, date of birth and residential address were matched with data on the National Death Index. We accepted a match when a patient on the National Death Index had the same name and date of birth as a patient in our registry.
Definitions and end points STEMI was diagnosed if a patient had ischaemic symptoms associated with ST-segment elevation of ≥0.2 mV in at least two contiguous precordial or ≥0.1 mV in two adjacent limb leads, left bundle branch block, or extensive ST-segment depression in the precordial leads representing posterior myocardial infarction (MI).
The primary end point was incidence of all-cause death. The secondary end point was cause of death. Cardiogenic shock was defined as blood pressure <90 mm Hg or requirement for inotropic therapy due to cardiac dysfunction. Sudden death was defined as death that followed abrupt loss of consciousness with or without preceding cardiac symptoms. Unwitnessed death in the setting of treatment for a major illness such as malignancy or infection was assumed to be caused by the illness. Cardiovascular death was defined as death due to reinfarction, cardiogenic shock, cardiac failure, sudden death or stroke. Stent thrombosis was defined as definite stent thrombosis by angiography, and reinfarction was defined according to the third universal definition of MI. 9 Stroke was defined as a new focal neurological deficit lasting more than 24 h and confirmed by imaging.
Symptom onset time was the time recalled by the patient as the onset of symptoms. Symptom-to-balloon (STB) time was defined as the time from self-reported onset of symptoms to time of first device delivery in the culprit artery.
Statistical analysis
Categorical data are presented as frequencies and percentages and analysed with χ 2 tests or Fisher's exact test. Continuous variables are presented as mean and SD or median and IQR and were analysed using Student's t test or Wilcoxon rank-sum test. Patient survival was analysed with Kaplan-Meier curves. Multivariate Cox proportional hazards analysis was used to assess the relationship of baseline variables, treatment delay and other factors with mortality during follow-up. Factors entered into the model included age ≥75 years, sex, cardiac risk factors, presentation with out-of-hospital cardiac arrest, cardiogenic shock, estimated GFR (eGFR) <60, use of prasugrel and glycoprotein IIb/IIIa inhibitors, STB time of >360 min and Thrombolysis In Myocardial Infarction (TIMI) flow score. A forward likelihood ratio method was used to enter factors into the regression model. All analyses were two-tailed and a p value of <0.05 was considered statistically significant. Analyses were performed using SPSS V.22 software (IBM, New York, USA).
RESULTS
We treated 1313 consecutive patients with STEMI with primary PCI between January 2006 and December 2013. Mean age was 62.3±13.1 years, and 1017 (77.5%) were male. Mean length of follow-up was 1276±855 days (3.5 years), and median follow-up was 1159 days (IQR 578-1917 days). During this period, 181 patients died. Table 1 shows the baseline characteristics for the cohort, patients who survived during follow-up and those who died. Patients who died were on average 11.5 years older with a greater proportion of women (30.6% compared with 21.3% of those who survived, p=0.0073). Those who died were also more likely to have a history of diabetes and prior PCI and less likely to be smokers or have a family history of premature ischaemic heart disease.
Procedural variables are shown in table 2. On univariate analysis, longer ischaemic times, reduced eGFR, lack of procedural success, cardiogenic shock, cardiac arrest and final TIMI flow score <3 were significantly associated with increased risk of mortality. There was a higher rate of multivessel PCI in the group who died during follow-up (71 (6.3%) in survivors vs 19 (10.9%) in those who died, p=0.038), although overall numbers were small.
Kaplan-Meier survival analysis was used to estimate allcause and cardiovascular mortality rates for patients at various time points ( figure 1 and table 3 ). There were 45 deaths in the first 7 days following primary PCI at an estimated mortality rate of 3.4%. Between 7 days and 1 year, there were 50 deaths and an estimated mortality rate of 3.9%. There were 86 deaths after 1 year with an estimated mean mortality rate of 2.05% per year between 1 and 5 years. On Cox proportional hazards multivariate analysis, we found that age ≥75 years, history of diabetes or prior PCI, cardiogenic shock, eGFR <60 and STB time >360 min to be independent predictors of mortality during long-term follow-up (table 4) .
Cause of death was distinctly different in patients in these time intervals (tables 5 and 6 and figure 2). During the first week, cardiovascular causes were responsible for 98% of deaths (76% of these due to cardiogenic shock). Between 7 days and 1 year, cardiovascular causes accounted for 58% and malignancy for 22% of all deaths. After 1 year, 36% of deaths were cardiovascular and 52% noncardiovascular, including cancer which accounted for 29% of all deaths. Cause of death was undetermined in 14 patients (8%).
Echocardiography was available on 139 of 181 patients who died (76%) and an LVEF ≤35% was found in 39 patients (21.5%). Among 16 patients who died of sudden cardiac death (SCD) postdischarge, 4 patients (25%) had LVEF ≤35% and would have been eligible for an implantable cardioverter defibrillator (ICD). In eight patients, LVEF was greater than 35%, and in four patients, TTE was not available. The incidence of SCD was 0.8% of the total cohort at 1 year and 1.1% at 3 years.
DISCUSSION
Our study has demonstrated three distinct phases with regard to mortality risk after primary PCI for treatment of STEMI. In the first 7 days, there was a relatively high risk of death (3.4%), mainly due to cardiogenic shock and associated multiorgan failure. Between 7 days and 1 year, 3.9% of all patients died, indicating a significantly lower mortality rate. During this period, cardiovascular causes constituted the majority of deaths. Beyond 1 year, mortality rate was stable at 2.05% per year, with noncardiovascular causes of death outnumbering cardiovascular causes and cancer accounting for 29% of all deaths. Mortality rate after STEMI has decreased over the past two decades in parallel with more widespread use of evidence-based treatments including primary PCI and pharmacotherapy. According to the SWEDEHEART/ RIKS-HIA registry, 1-year mortality decreased from 21% in 1996 to 13.3% in 2007. During this time, use of primary PCI for management of STEMI increased from 12% to 61% and reperfusion therapy from 66% to 79%. 10 The use of aspirin, clopidogrel, β-blockers, statins, and ACE inhibitors all increased significantly. Although STEMI mortality has decreased recently, data from PCI randomised trials and acute MI (AMI) registries indicate that the risk of mortality is still significant, particularly in the early phase after STEMI. In the HEAT-PPCI 11 and HORIZONS-AMI 12 trials, mortality rates were 4.7% at 28 days and 2.3% at 30 days, respectively. However, these trials excluded high-risk patients and likely underestimate the true mortality risk in the community. In-hospital mortality rates for STEMI in the OPERA 13 and the Zurich-Acute Coronary Syndrome (Z-ACS) 14 registries were 4.6% and 5.7%, respectively. In a recent cohort of patients with STEMI in Denmark, 15 all-cause mortality was reported as 7.9% at 30 days postprimary PCI. Our 30-day mortality rate of 4.3% in consecutive patients appears to be comparable to that in contemporary randomised trials.
During long-term follow-up, the PRAMI trial 16 reported an all-cause mortality rate of 6% at 23 months, whereas the OPERA registry 13 reported an all-cause mortality of 9% at 1 year. In our cohort, cumulative mortality rate was 7.3% and 8.9% at 1 and 2 years, respectively. It appears that early and long-term mortality rates are lower in clinical trials compared with community-based AMI registries, which may be as a result of exclusion of high-risk patients in clinical trials as opposed to consecutive enrolment of patients in registries.
Cause of death was significantly different in specific phases after STEMI, suggesting that distinct strategies should be considered in order to improve prognosis based on the recovery phase of the patient. Cardiogenic shock was the primary cause of death in the acute phase after STEMI. In view of the disappointing results of clinical trials of intra-aortic balloon pump and left ventricular (LV) assist devices in reducing mortality, 17 18 it appears reasonable to focus more attention on strategies to prevent this complication, which may be best achieved by reducing total ischaemic time. We have shown STB time >360 min to be an independent predictor of mortality during long-term follow-up (table 4) . Reducing STB time has been shown to be crucial in reducing the incidence of death post-STEMI. 19 Over the past decade, door-to-balloon time for patients with STEMI has improved, but in-hospital mortality rate has remained virtually unchanged. 20 We believe that in the current environment, reducing prehospital time offers the greatest opportunity to further improve prognosis after STEMI, and deserves more attention and allocation of resources. 21 Treatment of non-culprit vessels in STEMI is an area of active research. At our institution, usual practice is to treat only the culprit artery acutely, unless there is uncertainty about the culprit artery, or the patient has cardiogenic shock with multiple severe lesions. More multivessel PCI was performed in the group of patients who died, but this was probably due to higher prevalence of cardiogenic shock. Therefore, no conclusions can be drawn from our results regarding benefits of multivessel PCI.
Between 7 days and 1 year, cardiovascular disease was the commonest cause of death, accounting for 58% of mortality. Antiplatelet therapy, β-blockers, reninangiotensin system inhibitors and statins have all been associated with improved short-term and long-term cardiovascular prognosis in patients with STEMI. 22 Cardiac rehabilitation programmes have been shown to not only restore quality of life and improve functional capacity, but also reduce long-term mortality after AMI. 6 7 Our patients routinely received one session of education in hospital and were referred for a 6-week hospital-based cardiac rehabilitation programme. We believe close follow-up, focused attention on cardiac rehabilitation and the use of evidence-based medical management are the best strategies to reduce mortality further in this phase of recovery after STEMI.
We have identified diabetes and chronic kidney disease (CKD) to be independent risk factors for longterm mortality. In the PROSPECT trial, intravascular ultrasound imaging in patients with diabetes 23 and CKD 24 postacute coronary syndrome has shown longer lesions with a greater plaque burden and larger necrotic core and calcium content, compared with participants without these conditions. These patients should be specially targeted for aggressive and ongoing management of risk factors to reduce their higher mortality risk post-STEMI.
Beyond 1 year after STEMI, cardiovascular disease and malignancy were the most important causes of death. Continued periodic cardiology follow-up would appear to be appropriate to encourage healthy lifestyle choices and compliance with evidence-based treatments. Vigilance for occurrence of common cancers and participation in evidence-based cancer screening and management programmes should also be considered.
Another strategy for reducing late mortality in patients with STEMI is the use of ICD in those with severe LV systolic dysfunction beyond 40 days after a AMI. 25 ICDs have been shown to improve prognosis post-MI with reducing the rate of SCD. 26 In our cohort, only four patients who died with SCD after hospital discharge had LVEF ≤35% and would have been eligible for ICD insertion, potentially preventing 2% of all deaths in our cohort. Similar to the findings of a recent Japanese registry, 27 we found a low incidence of SCD (1.1% at 3 years) in STEMI survivors in the primary PCI era. Our results are in contrast to the ICD primary prevention trials 26 28 which were performed in the 1990s when there was a much lower utilisation of contemporary evidence-based treatments such as primary PCI and pharmacotherapy. 10 
Study limitations
Despite extensive efforts and access to the Australian National Death Index, cause of death was not known for 8% of patients. Patients classified as having SCD may have died of non-cardiac causes such as ruptured aneurysm or pulmonary embolus.
CONCLUSION
In the era of routine primary PCI for STEMI, we found a mortality rate of 4.3% at 30 days and 7.3% at 1 year in consecutive patients. Cardiovascular conditions were the commonest cause of death until 1 year, after which cardiovascular disease and malignancy accounted for the majority of deaths. Prolonged STB time, eGFR <60 and diabetes were among the independent predictors of mortality. Our results inform discussions about opportunities to further improve survival after STEMI, which may include public education for early presentation, cardiac rehabilitation programmes and ongoing follow-up to encourage a healthy lifestyle and optimal medical management.
